With continuous growth of students' enrolments in the public universities and limited funding, assessing the efficiency of universities is vital for effective allocation and utilisation of educational resources. Are higher education institutions in South Africa making the most efficient use of resources made available to them? This study attempts to provide an answer to this question. We apply a Data Envelopment Analysis (DEA) method to estimate technical efficiency (TE) of 22 public universities in South Africa for the period 2009 to 2013. A university is said to be efficient if it is producing maximum output (number of graduates and publications) from a minimum quantity of inputs (staff numbers, students' enrolments, and expenditure). The results indicate that over the study period the average TE of universities declined from 0.83 to 0.78. Research-intensive universities were more efficient than professional-oriented universities. These results can help key decision-makers such as the Commission on Higher Education and universities management in identifying possibilities for improving institutional performance by identifying their strengths and weaknesses and benchmarking with their peers.
INTRODUCTION
Historically, under the apartheid era, the higher education system in South Africa was racially segregated, with unequal quality, and characterised by duplications and inefficiencies (User-Centred Design for Innovative Services and Applications (UFISA) (2017). Since the 1990s, South Africa's higher education system has gone through a lot of changes which have left a long-lasting imprint on the system, its institutions and practices (Council of Higher Education (CHE) 2007, 1). The key focus for democratic South Africa's policies and regulations have pursued to achieve greater equity, efficiency and effectiveness (UFISA 2017) . These changes 265 range from the National Qualifications Framework to the Green and White Paper on Higher Education which describes the socio-academic duty of universities, a change from a monoculture university that is based on language and race to a multicultural university, with increased access to universities by formerly disadvantaged groups. Another significant policy implemented was the National Plan for Higher Education (NPHE) which was gazetted in 2001. This policy followed the 1997 White Paper whose objectives were to improve access (raising students' numbers), improve efficiency (optimal use of resources), and enhance the standard of outputs, especially graduates' knowledge and skills, and generation of new knowledge.
Recent data shows that some of the key objectives of the NPHE have been reached or exceeded. For example, according to the CHE report (2016), Outcome 1 -increase participation rate in higher education -was reached in 2013, whilst Outcome 7 -increase equity in access and success -also improved significantly with a significant number of black African students (72% of total headcount) reported to have been enrolled at a South African university in 2016, which is a significant improvement from the 1999 figures (59%). Similarly, more female than male students were enrolled in higher education (58%), and hence there were more female graduates than male. Equally, Outcome 2 -increase graduate outputs -increasing the number of students completing their qualification has been achieved, with an exception for the Doctoral (PhD) graduation rate which was unmet (13% achieved as compared to 20% target). Other key areas where equity is still unmet include the senior academic positions and the research landscape in terms of total research outputs such as publications which are still largely dominated by white and males (CHE 2016, 160) . Thus, there is evidence that there is progress in achieving equity outcomes particularly those that relate to race and gender participation.
However, remarkably, little is known about the efficiency of the South African higher education sector, even less about the spread of the efficiency of the public universities.
Essentially, an important question is whether the post-apartheid policies and programs have helped to bridge the performance (efficiency) gaps between the historically advantaged institutions (historically white) 1 and historically disadvantaged (historically black) institutions.
This study aims to contribute to this question by evaluating the technical efficiency of public universities in South Africa using a panel data of 22 public universities over 2009 to 2013 period. This is worth exploring, given that education has received much attention in terms of policy experiments and government resource allocation in recent times (Van der Berg 2007) .
Moreover, recent evidence shows that university funding has been declining due to declining government subsidies and fees, as result of Department of Higher Education and Training 266 (DHET) responding to the #FeesMustFall campaigns (Cloete 2016) .
According to Fedderke, De Kadt, and Luiz (2003) , most of the South African public universities are inefficient. The immediate cause of this inefficiency is the poor quality of incoming university students, limited investment, and poor structural transformation. Cloete (2016) found that there are high dropouts and low graduation rates amongst undergraduates students, which result in them remaining registered for long periods, well beyond the normal times required for the completion of their qualifications. The root causes of this inefficiency include amongst others: lack of sound basic education, political interference, and inappropriate policies. The immediate effects of the inefficiency of public universities in South Africa are unemployment, stagnant development, and lack of trust in public university education system. These lead to social unrest and reduced value of public university education. Collectively, these imply a greater need to improve the efficiency of universities.
For the purpose of this study, TE assessment is considered. Are public universities in South Africa making the most efficient use of resources made available to them? This study seeks to provide the most recent status of the performance of universities and advance the knowledge of education economics in South Africa. The findings from this study are also relevant to policy, as they can be used by key decision-makers for evaluation of public funding, and by the management of universities for benchmarking against their university peers, and use it to take further analysis to identify the various organisational factors (policies, processes, structures, etc.) that account for the observed differences between their organisation and its peers.
The remainder of the study is organised into four sections. The next section provides a literature overview of studies in efficiency and productivity of higher education; after the literature review the methodology is presented under the heading Materials and Methods; after that follow the Results and Discussion; whilst finally the Conclusion follows to conclude the study.
LITERATURE REVIEW
Prior to evaluation of performance for any firm, it is imperative to describe the best performance, which forms the basis for comparison of the actual performance. In the efficiency and productivity analysis literature, two major methods (Stochastic frontier analysis and Data envelopment) are used to achieve this. The stochastic frontier analysis (SFA) is a parametric method which imposes several neoclassical assumptions in the production process along with specification of functional form. On the other hand, data envelopment analysis (DEA) is a nonparametric method that employs mathematical programming technique that handles multiple inputs and outputs without any assumptions and specification of functional form. For this reason, this study uses DEA to derive the relative efficiency of universities.
Globally, there exists extensive literature on efficiency analysis of higher education institutions and most of these literature uses DEA. This section provides an overview of the studies conducted through DEA methodology both globally and in South Africa. Abbott and Doucouliagos (2003) used DEA to investigate the performance of 36 universities in Australia for the year 1995. They found high levels of efficiency (0.95-1.00) among public universities. Five years later, the authors compared the performance of universities in Australia and New Zealand using DEA and SFA. They found average technical efficiency scores of 0.92 and 0.88, indicating that Australian universities are performing better compared to New Zealand universities (Abbott and Doucouliagos, 2009 ).
In Europe, a significant amount of literature has been published on technical efficiency of higher public universities. For instance, Agasisti and Salerno (2007) In South Africa, only Taylor and Harris (2004) have employed a DEA method to estimate the efficiency of public universities. Some of the key findings from the study include, maintaining graduate output improves efficiency levels of universities; graduation rates in some universities was partly associated with the general higher qualification base of the academic staff; and raising the fixed costs is associated with a decrease of efficiency (Taylor and Harris 2004, 84) . While this study lays the foundation for an analysis of efficiency in South Africa, it is old, some universities and policies were non-existent when it was conducted. Therefore, the current study provides an up to date picture of the efficiency of South African universities using recent data.
MATERIALS AND METHODS

Data
The current study uses data obtained from the Department of Higher Education and Training Like other countries, South African universities are multiple inputs and multiple output organisations. This therefore requires careful selection of performance indicators. According to Katharaki and Katharakis (2010) criterion, indicators must satisfy the mission of the university, be standardised and expressed as quantity, consistent among all the universities, and satisfy the tasks for which they will be a reference for a decision. This criterion along with previous literature (e.g. Abbott and Doucouliagos 2003; Johnes 2014; Marire 2017) and economic theory on efficiency analysis were used for selection of performance indicators in the present study.
These performance indicators are presented in Table 1 .
The input variables include the undergraduate students enrolled (X1), the postgraduate students enrolled (X2), academic staff for teaching or teaching and research or research only (X3), and the total budget expenditure (X4). On the other hand, the output variables were weighted research output (Q1) and weighted graduates (Q2). 
Model
In the seminal work of Farrell (1957) , efficiency refers to the firm's potential to generate utmost outputs given a fixed level of inputs. Farrell divides efficiency into allocative efficiency (AE) and technical efficiency (TE). The former (AE) can be defined as utilisation of inputs in optimal proportions to generate a given quantity of output at low cost, with the existing technology and input prices, whereas the later, TE estimates the potential of a firm to generate maximum output from fixed inputs, or achieve a certain output threshold using minimum quantities of inputs within a given technology (Farrell 1957) .
Based on multiple performance indicators of South African public universities, the nonparametric DEA was preferred. This model has been widely used in previous studies (e.g., Taylor and Harris, 2004) , and originates from Charnes, Cooper, and Rhodes (1978) . It uses linear programming to develop an efficiency frontier known as piece-wise that forms the basis for comparative assessment of firms' efficiency. This efficiency is estimated in terms of: "Input orientation" -the quantity of utmost output generated with a set of inputs, and; "Output orientation" -the quantity by which output can be raised while holding inputs fixed. The DEA approach considers the existing production technology of the firm, and this is classified into constant returns to scale (CRS) and variable returns to scale (VRS). Because scale effects need to be disentangled to obtain pure technical efficiency, input-oriented VRS DEA model can be expressed as follows:
Where: xi is an N x1 vector of inputs of the individual (i-th) university; qi is M x1 vector of outputs of the individual (i-th) university; X is a N x I input matrix; Q is M x I output matrix; θ is a scalar (used to estimate TE), λ is a I x 1 vector of constants; I1 is an Ix1 vector of ones.
In this study the DEA model was estimated using DEAP, a computer program developed using FORTRAN.
RESULTS AND DISCUSSION
This section presents the descriptive statistics of input-output performance indicators, followed by a discussion of technical efficiency scores for the universities. A further discussion includes peers and peer-weights which provides a tool that can be used by universities to benchmark against their peers and assess their performance through slacks (the input surpluses), and targets (the desirable levels of inputs).
Descriptive statistics of input and output variables
The descriptive statistics of inputs and outputs variables employed in the analysis are shown in 
Efficiency performance of the universities
The key purpose of the study was to estimate the efficiency of South African public universities using DEA. The values of technical efficiency range from zero (technically inefficient) to one (technically efficient). The analysis is presented in Figure 1 and 2 (with more details provided in Appendix A).
In 2009 How much additional improvement (increase in outputs and/or decrease in inputs) is needed for a university to become efficient?
One of the key advantages of using DEA is its ability to provide insights on how much universities should enhance their technical efficiency by identifying over-utilisation (underutilisation) of inputs (outputs) through input (output) slacks. Table 3 present the input slacks or the amount by which each input can be reduced while keeping the outputs unchanged.
Over the period, the potential increase for undergraduates' enrolment averaged 0.09 per cent, whilst academic staff numbers and total expenditure averaged 0.36 per cent and 0.21 per cent, respectively. The overall results show that South African public universities had the potential to reduce the academic staff and total expenditure without changing the current outputs.
However, the analysis showed no potential reduction in undergraduates and postgraduates. Input targets: What are the optimal levels of inputs to improve technical efficiency?
DEA yields useful information that helps to place input slacks in their rightful position. This information is known as input targets -that is the average desirable level of each input that each university can target to generate the desired maximum output optimally. In estimating the targets, the amount of inputs used are compared with the amount of target input estimated by the model, together with the proportional increase needed to achieve the target. For the current study, the input targets are presented in Table 4 . Over the period, the average desired level of Who are the universities peers: Which universities to benchmark with to improve efficiency?
Another important information obtained from DEA results is the group of best practice or "role models" known as peers. Peer universities are those listed as efficient by the model, and which inefficient university may emulate to improve its performance. In 2013 ( McMillan and Datta (1998) found comprehensive universities to characteristically appear as a benchmark for other comprehensive universities, whilst those that are primarily undergraduate institutions mostly come from within that class. 
CONCLUSION
The main purpose of this study was to measure technical efficiency of South African public universities using a DEA approach and recent data. This is the first attempt for a DEA study on higher education performance in South Africa using recent data.
Over the period, the average TE for the universities declined from 0.83 in 2009 to 0.78 in 2013. This implies reduced ability of universities to maximise their output with a given level of inputs. Over the study period, the UCT, SU, RU and UFS (research-intensive universities) were the most efficient, whilst the DUT, CPUT and TUT (professional-oriented universities) were the least efficient. Comprehensive universities or those institutions that offer both undergraduate and postgraduate degrees, and conduct research, performed moderately in terms of technical efficiency.
The study also provided information on potential targets and peers that least performing universities can benchmark against to improve their performance. We identified over-utilisation of undergraduates with an excess of 5 people above the optimal size whereas postgraduates, academic staff and total expenditure were in excess of 19 people, 23 people and 27 million Rand, respectively. The top five role models (university benchmarks) were: NWU, SU, UFH, WSU and RU.
The empirical evidence from this study provides information on the current state of efficiency performance of the higher education sector in South Africa. Such insights can inform policy and decision-makers such as the Commission on Higher Education and universities management in formulating targeted interventions that improves the efficiency and competitiveness of universities.
The results also provide insights that can help universities see their standing relative to their peers, and for effective allocation and utilisation of educational resources. However, many strategies for increasing efficiency require changes of the management culture and mindset, therefore, for effectiveness, the supplementary analysis must be done at the individual university to identify the various organisational factors (policies, processes, structures, etc.) that account for the observed differences between their organisation and its peers. NOTE 1. Well established institutions with significant resources that were devoted to quality assurance initiatives during the apartheid era.
